In routine use for more than 50 years, radioiodine ( 131 I) is generally considered safe and devoid of major side effects. Therefore, it is surprising that relatively many aspects of radioiodine therapy are controversial, as illustrated by recent international questionnaire studies. Our review aims at highlighting three of these areas -namely, the influence of 131 I on the course of Graves' ophthalmopathy, the possible radioprotective effects of antithyroid drugs, and the use of 131 I in large goitres. 131 I therapy carries a small (but definite) risk of causing progression of Graves' ophthalmopathy. Identification of risk factors (thyroid dysfunction, high level of thyroid-stimulating hormone (TSH) receptor antibodies, cigarette smoking) allows the identification of patients at risk and the institution of concomitant glucocorticoid treatment, thereby hindering progression of eye disease.
Introduction
Radioiodine ( 131 I), in routine use for more than 50 years for the treatment of toxic goitre, but with a much shorter history of use for non-toxic goitre, is generally considered safe, cheap and devoid of major side effects. Thus major issues should have been clarified, leading to a consensus long ago. While this is undoubtedly true for some aspects of radioiodine therapy, it certainly is not for others. Indeed, questionnaire studies amongst both European and North American thyroidologists have disclosed major differences when it comes to the management of several thyroid disorders, including Graves' disease (1, 2), Graves' ophthalmopathy (3), the solitary thyroid nodule (4, 5) , and multinodular non-toxic goitre (6, 7) . In relation to 131 I, a number of issues have yet to be clarified. This review highlights the content of a recent symposium held at the annual meeting of the European Thyroid Association (ETA) in Warsaw, August 2001, dealing with 'Controversies in 131 I therapy'. We will cover three topics: (i) 131 I therapy and the course of Graves' ophthalmopathy. (ii) The use of antithyroid drugs in relation to 131 I therapy. (iii) 131 I therapy in large goitres.
We emphasise that the views expressed in this paper represent neither a consensus nor the official position of the ETA, or any other organisation, but are the opinions of experts in the field entrusted with organising the symposium. (8) . In the latter situation, ophthalmopathy occurs after institution of treatments aimed at controlling or curing hyperthyroidism. This makes it difficult to understand whether the observed ocular changes are related to the natural history of eye disease or are associated with the modality of treatment for hyperthyroidism. Accordingly, the available information on the effects of treatment for hyperthyroidism on the ophthalmopathy is conflicting and often contradictory (9) .
In spite of these limitations, it is widely accepted that treatment of hyperthyroidism with antithyroid drugs does not affect the course of the ophthalmopathy (10) . Likewise, as also recently shown by a prospective casecontrol study, near-total thyroidectomy is not associated with substantial variations in ocular conditions (11) .
The available information concerning the effect of 131 I therapy on the ophthalmopathy is much more controversial, supporting both the concept that 131 I does not cause progression of eye disease (12) and the idea that this treatment may be somehow detrimental for the ophthalmopathy (13, 14) . Conflicting results are, at least in part, related to the frequent retrospective and non-randomised nature of most studies, to the lack of adequate control groups, and to the non-standardised assessment of ocular changes (14) . Few reports of prospective, randomised studies are available on this issue (see below).
Non-randomised studies on the relation between 131 I therapy and the course of the ophthalmopathy In a study of 433 patients, development or progression of the ophthalmopathy occurred in 15 cases (3%) after 131 I therapy, comparing favourably with the outcome of antithyroid drugs or thyroidectomy (15 131 I therapy. In this last study, the course of the ophthalmopathy was worse after 131 I therapy than after subtotal thyroidectomy. Manso et al. (26) , in a prospective, nonrandomised study enrolling 22 patients, found no progression of the ophthalmopathy. The results of non-randomised studies, summarised in Fig. 1 , indicate a range of progression of the ophthalmopathy after radioiodine therapy in 3-53% of patients.
Randomised studies on the relation between 131 I therapy and the course of the ophthalmopathy
The results of the few available randomised studies are more uniform, showing progression of Graves' ophthalmopathy after 131 I therapy in a proportion of patients Figure 1 Progression of Graves' ophthalmopathy after radioiodine therapy for hyperthyroidism caused by Graves' disease.
Results of non-randomised and randomised studies. Each bar represents one study.
Percentage of progression in non-randomised studies: 3-53%. Compiled from the literature (see reference (10) for details).
ranging from 15 to 37% (14) (Fig. 1) . In a pilot study, patients were randomly assigned to treatment with either 131 I alone or 131 I given concomitantly with a short course of prednisone therapy. Worsening of the ophthalmopathy occurred in 9 of 26 patients (35%) receiving 131 I alone, whereas progression did not occur (and pre-existing ophthalmopathy improved in most cases) in patients receiving concomitant glucocorticoid treatment (27) . This study did not include a control group treated with thionamides. In a subsequent, large study, Tallstedt et al. (28) reported that the rate of occurrence or progression of the ophthalmopathy was similar after antithyroid drug treatment (4 of 38 patients, 10%) or thyroidectomy (6 of 37 patients, 16%), but was significantly greater after 131 I therapy (13 of 39 patients, 33%). In a prospective, randomised, controlled study (29) , 23 of 150 patients treated with 131 I therapy showed progression of the ophthalmopathy, which was transient in 15, and permanent in 8 (5%), who subsequently needed treatment for eye disease. This progression did not occur in the group treated with 131 I therapy and glucocorticoids (Fig. 2 ). Treatment with methimazole was not associated with changes in the ophthalmopathy (29) . Vàzquez-Chavez et al. (30) randomly assigned 40 patients to treatment with either radioiodine or thyroidectomy: on the basis of exophthalmometer readings only, no differences of either treatment were observed with regard to the effect on the ophthalmopathy.
Pathogenesis of 131 I-associated progression of the ophthalmopathy
The progression of the ophthalmopathy after 131 I therapy is probably related to the release of thyroid antigens from the radiation-damaged thyroid gland, with subsequent enhancement of autoimmune responses towards antigens shared by the thyroid and the orbit (14) . 131 I therapy is followed by the release of thyroperoxidase in the bloodstream (31) , and by an increase in the activity of thyroid-stimulating hormone (TSH) receptor antibodies (32) . In addition, peripheral blood T-cell activation (33) and a prolonged increase (. 2 years) in thyroid autoantibody production (34) have been described after 131 I therapy for Graves' hyperthyroidism.
It is possible that although, in the short term, 131 I therapy bears the risk of an aggravation of the ophthalmopathy, in the long term it may have beneficial effects on eye disease, as a result of thyroid antigen deprivation and removal of intrathyroid activated T-lymphocytes that are presumably also involved in the pathogenesis of the ophthalmopathy. This hypothesis remains to be proven.
Risk factors for progression of Graves' ophthalmopathy after 131 I therapy
Progression of the ophthalmopathy after 131 I therapy occurs only in a minority of patients (29) . This suggests that other risk factors or cofactors must contribute to this outcome. Some of these factors have been identified. In one study, progression of the ophthalmopathy occurred in 17 of 72 patients (24%) with pre-existing ophthalmopathy and only in 6 of 78 patients (8%) without eye involvement before 131 I therapy (29) . In addition, this negative outcome of 131 I therapy was quite rare in non-smokers (4 of 68 patients, 6%) and much more frequent among smokers (19 of 82 patients, 23%) (35) . Severity of pre-131 I hyperthyroidism seems to be another risk factor, because aggravation of the ophthalmopathy was reported to be more likely in patients who had greater serum thyroid hormone concentrations before treatment (28) . High serum TSH (22) or TSH receptor antibody levels (36) might also play a part in the exacerbation of the ophthalmopathy after 131 I therapy, but this remains to be proven. The importance of restoring normal thyroid status is emphasised by the observation that the rate of progression of the ophthalmopathy after administration of 131 I was greater in patients whose post-131 I hypothyroidism was corrected late than in those in whom replacement of L-thyroxine (T 4 ) was instituted promptly (37) .
Guidelines for 131 I therapy in patients with Graves' ophthalmopathy
In patients who have non-severe Graves' ophthalmopathy, it is advisable that 131 I therapy be administered under glucocorticoid protection (prednisone 0.4-0.5 mg/kg body weight for 1 month, gradually withdrawn over 3 months). If no signs or symptoms of the ophthalmopathy are present before treatment, 131 I therapy may not require concomitant glucocorticoid therapy, provided other risk factors (especially cigarette smoking) are absent. In patients with severe ophthalmopathy, 131 I therapy can be carried out, but eye disease requires prompt and independent, appropriate therapeutic measures, such as high-dose glucocorticoids or orbital radiotherapy, or both, or orbital decompression (38) . Treatment for the ophthalmopathy can be started immediately after radioiodine therapy. Alternatively, while hyperthyroidism is temporarily controlled by antithyroid drugs, ophthalmopathy is treated by appropriate therapies, and radioiodine administration is postponed until treatment for the ophthalmopathy has been completed.
Concluding remarks

131
I therapy seems to carry a small (but definite) risk of causing progression of Graves' ophthalmopathy (39) . This effect of 131 I therapy apparently modified the approach of many endocrinologists as to the use of 131 I in the management of hyperthyroidism. In a recent survey of European endocrinologists, the selected modality of treatment of hyperthyroidism in case of recurrence after a first course of antithyroid drug treatment was thyroidectomy (43% of respondents), a second course of thionamides (32%), and 131 I (only 25% of respondents) (3). Thus, if ablative therapy was chosen, surgery rather than 131 I was the more commonly selected modality of treatment. However, the risk of progression of the ophthalmopathy after 131 I should not be used as an argument to avoid this treatment, when appropriate. In fact, identification of risk factors allows the identification of patients in whom progression of the ophthalmopathy is more likely. In at-risk patients, concomitant glucocorticoid therapy avoids progression of eye disease. In addition, as mentioned above, ablation of the thyroid by 131 I may, in the long term, prove beneficial for the ophthalmopathy.
The use of antithyroid drugs in relation to 131 I therapy
Relief of symptoms of hyperthyroidism between the initial consultation and administration of 131 I and for the following 6-8 weeks can usually be achieved to a significant extent with a b-adrenoceptor antagonist, such as propranolol. In older patients, in those with severe hyperthyroidism or with cardiovascular complications, it is common practice to achieve euthyroidism first, in order to prevent the consequences of the rare, but well-recognised, worsening of thyrotoxicosis, caused by irradiation-induced leakage of stored thyroid hormones within the first few days (40) . Antithyroid drugs, if stopped shortly before 131 I therapy, do not prevent a transient increase in serum thyroid hormone concentrations, but any increase is from a lower baseline (41) , and of no clinical significance. This pattern is consistent with the observation that antithyroid drug therapy can reduce the content of both tri-iodothyronine and T 4 in the thyroid gland of patients with Graves' disease by over 95% (42) . In other patients, prior treatment with antithyroid drugs may simply be a consequence of change of mind about the most appropriate treatment of the hyperthyroidism.
There has been considerable experience of prescribing antithyroid drugs before or after 131 I therapy since the first description of their adjunctive role more than 50 years ago (43) . Indeed, a survey of members of the American Thyroid Association found that 31% of correspondents prescribe antithyroid drugs before and 40% after 131 I (2). However, there remains controversy about whether antithyroid drugs influence the outcome of 131 I treatment, and how long any effect persists. To some extent, the confusion reflects the retrospective nature of many studies (however large), patient selection and the likelihood that the antithyroid drug was given before 131 I therapy to those with the more severe hyperthyroidism, the varied 131 I dose regimen, and the failure to report the results of thyroid function tests at the time of 131 I administration. This last omission is important because, for example, increased serum TSH as a result of excessive antithyroid therapy or the presence of significant concentrations of stimulating TSH receptor antibodies will alter iodine kinetics, with the potential to reduce the effective dose of 131 I retained within the gland.
Propylthiouracil
The antithyroid agent, thiourea, and other sulphydryl (-SH)-containing compounds have been shown to be radioprotective, reducing the death rate in wholebody irradiated mice and in irradiated bacteria (44, 45) . Both methylthiouracil, which is no longer used, and propylthiouracil contain an -SH radical, and its radioprotective effect was the explanation given for the significant reduction in one-dose cure rates when patients were pretreated with methylthiouracil until 7 days before 131 I, compared with those given no such therapy (28.6% compared with 75.5%). This difference could not be accounted for by the aetiology of the hyperthyroidism or the biological half-lives of the therapeutic doses of 131 I. Increasing the therapy dose by 25% in patients pretreated with the antithyroid drug nullified the difference in response rate (46) .
In a contemporaneous study, propylthiouracil was either still being taken at the time of 131 I therapy or had been discontinued for different periods of time beforehand. The failure rate was greatest in those in whom the propylthiouracil was not stopped. It only became similar to those treated with 131 I alone if more than 15 days had elapsed between the last dose of antithyroid drug and administration of 131 I (47). The basis for stopping antithyroid treatment was not clear. It is more than likely that patients with the mildest degrees of hyperthyroidism initially were over-represented in the group receiving no adjunctive antithyroid drugs. In the most recent retrospective studies, the radioprotective effect of propylthiouracil was shown to persist for at least 7 days (48, 49) , and as long as 55 days (50) .
Despite the design failings of the various studies, it does appear that propylthiouracil renders the thyroid gland relatively resistant to 131 I therapy. Unless the drug can be withdrawn on clinical grounds for some 2 weeks before 131 I administration, it may be necessary to use a larger dose of isotope, recognising that an 'ablative' dose of 555 MBq (15 mCi) would probably overcome any inherent radioresistance in most cases of Graves' disease.
Carbimazole
There are two similar studies (Table 1) , conducted more than 30 years apart, which demonstrate that pretreatment with carbimazole or methimazole does not reduce the effectiveness of 131 I therapy in patients with Graves' disease, as long as the antithyroid drug is stopped for up to 4 days beforehand (51, 52) . The more recent of these reports is a randomised, prospective study and is, therefore, unique. What is interesting is the greater 'cure' rate in the later study, which is unlikely to be entirely due to the greater calculated 131 I dose of 200 mCi/g of thyroid tissue, and may relate to differences in iodine status between patients in Brazil and England.
Simultaneous treatment with carbimazole at the time of 131 I therapy was found to increase the possibility of treatment failure more than fivefold (53) . In the same report, it was suggested that it might be necessary to discontinue carbimazole or methimazole for only 24 h, but the number of patients involved was small.
The influence of antithyroid drugs on outcome if given after 131 I therapy has received less attention, but the same anxieties about patient selection prevail. Thus, in a large retrospective study of 206 patients, 131 I was either given alone or followed, for 5-14 days or more, by methimazole or propylthiouracil. Those patients starting an antithyroid drug within 7 days of 131 I therapy had a significantly greater incidence of continuing hyperthyroidism. Unfortunately, no distinction was made between patients taking methimazole and those taking propylthiouracil (54) .
Why does propylthiouracil seem to confer more resistance to 131 
I therapy?
In the past, this observation was explained by the radioprotective effects of the sulphydryl group of propylthiouracil, which was believed not to be present in carbimazole or methimazole (51) . There must be other explanations. Although propylthiouracil has a shorter half-life in serum than has methimazole (55), propylthiouracil and its metabolites are concentrated and retained in human thyroid more than methimazole and its metabolites (56, 57) . If, for example, the radioprotective effect of the thionamides is distinct from their inhibition of thyroid hormone synthesis, the therapeutic dose of propylthiouracil being 10 times greater than that of methimazole may be significant.
Other issues
There is anecdotal evidence that patients maintained on antithyroid drugs for many years before being treated with 131 I often fail to respond to repeated doses of 400 MBq (11 mCi) or more. This apparent radioresistance is likely to be a consequence of a relative iodine deficiency within the gland and resultant increase in thyroidal iodine turnover rate, reducing the anticipated dose of radiation. The duration of therapy required to involve such a mechanism is not known, but presumably will also depend upon the iodine status of the population being treated.
Attention has been focused almost exclusively on patients with Graves' disease. From time to time, patients with hyperthyroidism caused by nodular goitre are pretreated with antithyroid drugs. Although the same principles concerning the radioprotective effects of these drugs should apply, any overtreatment sufficient to restore serum TSH to normal or to induce thyroid failure will result in stimulation of the previously dormant paranodular tissue and increase the rate of post-131 I hypothyroidism. 
Concluding remarks
It is remarkable that, despite the widespread use of antithyroid drugs before and after 131 I therapy for Graves' disease, the only certainty would appear to be that carbimazole (or methimazole), if stopped 3-5 days before treatment, will not influence the outcome. It is likely that simultaneous thyrostatic medication reduces the efficacy of 131 I, as does re-starting it within 7 days. Propylthiouracil would seem to have a more prolonged radioprotective effect than carbimazole, necessitating higher doses of 131 I, unless discontinued at least 2 weeks beforehand.
I therapy in large goitres
In large series of thyroidectomised patients, more than 30% have a goitre larger than 100 g (58) . Glands of this size are typically multinodular, and as the prevalence of malignancy in such goitres is the same as in the solitary thyroid nodule (59), fine-needle aspiration biopsy should be performed in dominant or large nodules (60) . In substernal goitres not accessible for biopsy, surgery should be performed, particularly in case of factors raising suspicion of thyroid malignancy. The next question is which treatment to offer. In smaller goitres, L-T 4 suppressive therapy is used by many clinicians (6, 7) , in spite of little evidence in support of this strategy. The few randomised studies performed have shown no (61) or only a very modest effect (62) , and in large goitres L-T 4 is probably even less effective. Faced with a large or substernal goitre, most clinicians turn to surgery (6, 7) . Without dispute, the advantage of surgery is the significant and prompt reduction of the goitre. However, recurrence is seen in 15-40% of patients with long-term follow-up (63, 64) , and postoperative complications are clearly more frequent in cases of a large goitre, previous neck surgery or substernal extension of the goitre (58). In addition, some patients are not suitable for surgery because they have complicating disorders. In these situations, 131 I therapy may be considered, even in the patient with a very large goitre.
How should the volume of a large goitre be measured?
If 131 I therapy is considered, an accurate estimation of goitre size is important for the dose calculation. Neck palpation is notoriously imprecise (65, 66) . Ultrasound -adopted by thyroidologists as the primary imaging tool (6, 7) -underestimates the volume of the very large goitre by approximately 20% compared with magnetic resonance imaging (MRI) (67) , and use of this method is furthermore hampered by the substernal extension frequently encountered in these patients. Also, thyroid 131 I scintigraphy generally underestimates the size of large goitres compared with computed tomography (CT) or MRI (68, 69) . In contrast, the precision of MRI in measuring large goitres is high, with inter-and intra-observer coefficients of variation of 2-4% (67, 68) . Thus, with goitres larger than 150-200 ml or with an intrathoracic extension, MRI (or alternatively CT) should be preferred to other methods.
Efficacy of 131
I therapy for reduction of the large goitre 131 I therapy for goitre reduction has been used for several years, even in euthyroid patients. The efficacy of this treatment is almost exclusively documented by non-controlled trials, but nevertheless results have been very consistent. In toxic multinodular goitres, in which case the primary goal is to cure hyperthyroidism, Nygaard et al. (70) found a goitre reduction of 43% within 2 years. Similar results have been obtained in studies of the non-toxic multinodular goitre (71) (72) (73) , with reductions ranging from 40 to 60%. The superiority of 131 I over L-T 4 has recently been shown in a randomised trial by Wesche et al. (61) . In that study, 131 I induced a goitre shrinkage of 44% within 2 years, whereas L-T 4 was found to have no effect and was associated with a significant bone loss and other adverse effects also. Only a few studies specifically addressing the use of In that study, L-T 4 was routinely used after treatment, and a 40% reduction was obtained after 1 year. Finally, Bonnema et al. (77) found a reduction of 34% after highdose 131 I therapy in 23 toxic or euthyroid patients with an initial mean goitre volume of 311 ml. In these last two studies (77, 78) , thyrotoxic patients were rendered euthyroid with antithyroid drugs at the time of 131 I treatment. Thus, in studies using a valid means of thyroid monitoring (69, 77, 78) , the goitre reduction of 30-40% on average was reasonably uniform; however, great individual variations were seen in all series. Follow-up with CT or MRI was limited to 1 year, but one report suggested that the reduction in these large goitres might continue beyond this period (79) . It has been demonstrated, by MRI monitoring, that 131 I therapy results in a similar reduction of the substernal and the cervical goitre component (80) . Quantification of subjective improvement after high-dose 131 I therapy has been only scant. Huysmans et al. (78) reported that 67% of the patients improved or were cured of dyspnoea or stridor, and even more were relieved of dysphagia. In other studies (69, 76, 77) , the vast majority of patients reported satisfaction with the outcome of therapy.
There has been concern that an early 131 I-induced thyroid oedema may give rise to further enlargement of the goitre. In multinodular goitres, of both moderate and large size, it has been shown that 131 I does not cause any significant increase in goitre size -on average -in the weeks after therapy (77, 81) . Nevertheless, a 15% increment in size of very large goitres may occasionally be seen within the first week (77) (Fig. 3) , and at present it is impossible to predict in whom this complication may occur. Therefore, caution should always be taken if severe tracheal compression is present. In such cases, use of glucocorticoids to reduce inflammatory oedema might be considered for a short period after 131 I therapy, although no studies have conclusively proven the efficacy of this strategy.
The thyroid 131 I uptake is inversely correlated with the iodine pool in the organism. Use of 131 I therapy in large goitres is therefore hampered in some areas of the world where the dietary iodine content is high, as a large amount of radioactivity is needed to obtain an equivalent effect. If high-dose 131 I is administered in divided doses, admission of the patient to hospitalrequired by official regulations -can be avoided. In the case of smaller goitres, a second 131 I dose causes a further reduction of the goitre (82) . In patients with large goitres, Howarth et al. (83) have shown that four doses, each of 555 MBq (15 mCi), given 1 month apart, resulted in a goitre reduction in 92% of patients. However, the effect was assessed only clinically, and the 131 I uptake at each treatment was not measured. Although data are few, divided therapy might be an option, but the doses probably should be given at long intervals, which makes this treatment modality even more cumbersome.
Impact of the large goitre on the trachea and effect of therapy
The most serious problem caused by the large goitre is tracheal compression, and the upper airways (i.e. trachea) should be paid special attention, particularly if 131 I therapy is considered. A clinically significant deterioration in ventilation is common among patients with a goitre, even if no symptoms are present (84) . Although many factors influence inspiratory capacity, the size of the goitre no doubt has a major role, and a correlation between MRI estimates of the smallest tracheal cross-sectional area and inspiratory capacity may indeed be present in very large goitres (77) . 131 I therapy has been shown to have a favourable effect on both inspiration and tracheal anatomy (77, 78, 85) . When large goitres are being treated, the smallest tracheal cross-sectional area, estimated by MRI, diminishes by approximately 9% shortly after 131 I therapy, as a result of radiation-induced thyroid oedema, without a significant deterioration in inspiratory capacity (77) (Fig. 4) . In the long term, the tracheal area increases by 17-36% (77, 78) (Fig. 4) , the tracheal deviation decreases by 20% (78) , and inspiration improves by more than 20% (77) (Fig. 4) . However, with more than a 10% coefficient of variation (67) , MRI measurements of tracheal structures are imprecise. Therefore, in the evaluation of the large goitre, a flow-volume loop should be considered before 131 I therapy.
What factors predict the efficacy of 131 I therapy?
In moderately enlarged, non-toxic multinodular goitres, the effect of 131 I therapy on goitre reduction seems to correlate inversely with the initial size (82) . Theoretically, such a relationship is plausible, because a larger fraction of the gland degenerates in the voluminous multinodular goitre. Indeed, an attenuation of the 131 I effect as a function of the initial goitre size was demonstrated in the study by Bonnema et al. (77) (Fig. 5) . It is natural to expect the reduction of the goitre to be amplified by increasing the 131 I dose. Such a relationship was suggested by the studies of Le Moli et al. (82) and de Klerk et al. (69) , but could not be confirmed in the study of Bonnema et al. (77) . This inconsistency probably reflects the fact that thyroid 131 I uptake varies with time (86) , and the iodine biokinetics is probably also affected by the 131 I treatment itself. The recent advent of recombinant human TSH (rhTSH), which can double the 24-h thyroid 131 I uptake, opens up new possibilities (87) . Whether this amplifies the reduction of the goitre after 131 I therapy also is as yet unknown. Adverse effects of 131 
I therapy
Generally, 131 I treatment of multinodular goitres is well tolerated. The small risk of a radiation-induced thyroiditis and transition into Graves' disease (88), occasionally including ophthalmopathy (89) , is probably no different when high-dose 131 I is used. In smaller multinodular goitres, the incidence of permanent hypothyroidism after 131 I therapy ranges from 6 to 58% (70, 72, 82) . In studies of large goitres treated with high-dose 131 I, the 1-year cumulated risk of hypothyroidism was 14-22% (69, 77) . Theoretically, the risk of hypothyroidism should not be affected by the large or small nature of the goitre being treated, as the targeted absorbed thyroid dose (approximately 100 Gray) usually is the same.
Long-term follow-up of patients with Graves' disease has not revealed any clinically significant increased risk of cancer after 131 I (90), but data on multinodular goitre are more scant. In a study by Ron et al. (91) , 1089 patients were treated with 131 I for a toxic nodular goitre, and these patients had a 31% increase in overall cancer mortality, nearly exclusively attributable to thyroid malignancy. However, a similar pattern was seen in patients with the same disease but not treated with 131 I. The findings of a recent study (92) including more than 5000 patients previously treated with 131 I for toxic nodular thyroid diseases are reassuring, as no significantly increased incidence of thyroid cancers was found during the 27 years of follow-up. However, the absolute number of cancers that may occur after 131 I therapy is small and seems of minor clinical importance. Furthermore, the disclosure of a thyroid cancer in a nodular goitre after 131 I therapy raises the question whether malignancy in a nodule was overlooked at the time of therapy. With regard to high-dose 131 I treatment, even fewer data are available. Huysmans et al. (93) estimated the theoretical overall lifetime risk of an extrathyroidal cancer caused by highdose 131 I therapy to be 1.6%, and 0.5% in elderly persons. Until long-term follow-up studies have described the actual cancer risk, high-dose 131 I therapy should be restricted to only elderly persons, or to those in whom surgery is absolutely contraindicated.
Concluding remarks
Surgery is the treatment of first choice in patients with a large goitre, but high-dose 131 I therapy may be an option in selected cases (Table 2 ). This latter treatment has a favourable effect on tracheal compression and inspiratory capacity, but the reduction in thyroid volume of 30-40% is less than that obtained in smaller glands. Future studies will show if the effect can be reinforced, for example by pretreatment with rhTSH. 
